Background: An organization's information culture and information management practices create conditions for processing patient information in hospitals. Information management incidents are failures that could lead to adverse events for the patient if they are not detected. Objectives: To test a theoretical model that links information culture in acute care hospitals to information management incidents and patient safety outcomes. Methods: Reason's model for the stages of development of organizational accidents was applied. Study data were collected from a cross-sectional survey of 909 RNs who work in medical or surgical units at 32 acute care hospitals in Finland. Structural equation mod eling was used to assess how well the hypothesized model fit the study data. Results: Fit indices indicated a good fit for the model. In total, 18 of the 32 paths tested were statistically significant. Documentation errors had the strongest total effect on patient safety outcomes. Organizational guidance positively affected information availability and utilization of electronic patient records, whereas the latter had the strongest total effect on the reduction of information delays. Conclusions: Patient safety outcomes are associated with information management incidents and information culture. Further, the dimensions of the information culture create work conditions that generate errors in hospitals.
Background
Health-care professionals need accurate patient information, although what is needed varies by phase of care. How a hospital organizes information management is guided by national law and the technological tools, policies, and methods used in the organization; however, information culture also has a defining influence on how information is shared and used [1] .
Information culture reflects the organization's values, norms, and practices for managing information [2, 3] ; thus, this concept can be understood as a representation of three types of information capabilities [1, 2, 3, 4] : 1) information technology practices, 2) information management practices, and 3) information behaviors and values. Information technology practices refer to the organization's capability to effectively manage information technology applications, software, and infrastructure [1] ; information behaviors and values refer to "the capability to instill and promote behaviors and values in the people for effective use of information"; and information management practices are defined as "the capability to manage information effectively over the life cycle of information use, including sensing, collecting, organizing, processing, and maintaining information" [1, 4] .
Information management is a continuous cycle of six closely related activities: identifying information needs, acquiring information, organizing and storing information, developing information products and services, distributing the information, and using the information [5] . Analyses of adverse event reports have shown that failures in the information management process -especially in medication management leading to medication administration errors -are prevalent in hospitals and that preventive actions are needed [6, 7] . Medication administration errors are frequent among hospital inpatients [8, 9] . Health professionals base their decisions and actions on information available at the time [10] . Failures in written communication and errors in documentation have been identified as underlying system factors that contribute to medication administration errors [11] . Communication practices are affected by management decisions and information culture, and factors external to health professionals might lead to errors [10] . Consequently, the causes of errors are not just the responsibility of the individual nurse or physician but also of the hospital e31 that forms the system within which the providers function [12, 13] . Further, preventing errors requires identifying organizational factors that lead to conditions that generate errors in care and thus affect outcomes [13] .
The conceptual framework of this study ) and is applied to the context of information management in hospitals [13] . The model is recommended as a framework for adverse event studies [10] and is widely used in patient safety research to analyze the causes of and the factors that contribute to adverse events [10, 11, 14, 15] . The model focuses on the environment in which the health professional was working when an adverse event occurs rather than blaming the individual health professional [10] . The model describes how organizational factors, such as information management practices and information behaviors, can promote conditions that generate errors, which are defined as information management incidents in this study, and how these conditions impact patient safety outcomes. Information management incidents are failures that could lead to adverse events if the incidents are not detected. These incidents are related most often to deficiencies in information transfer during different phases of care and inadequate written communication; both types have been identified as conditions that generate errors in care [11, 16, 17, 18] . Based on previous results of adverse event studies, we assume that information management incidents create the opportunity for adverse events to occur during care. In this study, we focus on the effects of information management practices and information behaviors on patient safety, and more specifically, on medication administration errors, complaints from patients or their families, and adverse events related to information management as presented in the hypothesized model (▶ Figure 1) . Organizational culture has been linked to many aspects of organizational behavior, including health care performance and safety [3, 19, 20] , and an appropriate organizational culture seems to help reduce adverse events [21] . Further, information culture is positively associated with practices and activities that lead to successful performance in an organization [20] . However, to our knowledge, only a few studies have connected information culture and patient safety [20, 22] . Some evidence suggests that the elements of information culture may be associated with safety outcomes, but more evidence is needed to confirm this relation [20] .
Objective
The purpose of the study was to test a theoretical model for the stages of development of organizational accidents [13] applied to information management in hospitals to link the elements of information culture in acute care hospitals to information management incidents and patient safety outcomes. We developed and evaluated a structural equation model that describes how organizational factors are associated with work processes and outcomes. Research questions and hypotheses (see ▶ Figure 1 ) were based on Reason's model for the stages of development of organizational accidents [13] and previous studies of causes and contributing factors for adverse events [6, 7, 11, 18] . Each hypothesis includes one or more paths.
1. How are the aspects of information culture connected to each other and to information management incidents?
• H1: An organization's guidance on information management practices is positively related to how electronic patient records (EPRs) are utilized.
• H2: An organization's guidance on information management practices is positively related to information availability in care situations.
• H3: Information availability, an organization's guidance on information management practices, and how EPRs are utilized reduce the loss of information in care situations.
• H4: Information availability, an organization's guidance on information management practices, and how EPRs are utilized reduce documentation errors and information delays in care situations.
2. What conditions in information management create adverse events?
• H5: The loss of important patient care information during shift changes or when patients are transferred from one unit to another increases information delays in care.
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• H6: Documentation errors increase information losses during shift changes and when patients are transferred from one unit to another.
• H7: The loss of important patient care information during shift changes or when patients are transferred from one unit to another increases medication errors, complaints from patients or their families, and information-related adverse events.
• H8: Information management incidents increase medication errors, complaints 
Variable (n = 909) Information availability (5 items)
Electronic patient data are available when needed.
I have access to electronic patient data when needed.
I trust the accuracy of electronic patient data.
I have access to electronic databases that I need for patient care.
Once electronically documented, patient data are available to for all health professionals.
Organization's guidance (5 items)
In this unit, we have uniform written guidelines for use of electronic patient data.
In this unit, we have uniform written guidelines for transfer of patient data between organizations.
In this unit, we have uniform written guidelines for electronic documentation of patient data.
I am aware of clinical guidelines used in my organization.
I am aware of general guidelines used in my organization.
Utilization of EPRs (7 items)
I mainly document patient data in electronic records.
I receive the most current patient data from electronic information systems.
Once electronically documented, patient data are not manually copied to patient records.
Once electronically documented, patient data are not copied to other information systems.
In this unit, handwritten patient records are not used alongside electronic patient records.
Once electronically documented, patient data are available to all health professionals.
I utilize reports from electronic databases in my job.
Information delay (2 items)
Patient data were not available when I needed them.
I received changes in patient's care regimen with delay.
Documentation error (4 items)
I did not document patient data immediately.
I forgot to document necessary patient data.
I did not remember all details when documenting patient data.
I documented inaccurate data.
Information-related adverse event (2 items)
Inaccurate data have caused adverse event or a near-miss situation.
Missing data have caused adverse event or a near-miss situation. e33 from patients or their families, and information-related adverse events.
• H9: Medication errors increase the occurrence of complaints from patients or their families.
• H10: Information-related adverse events increase the occurrence of complaints from patients or their families.
Methods

Data Collection
Using a cross-sectional design, data were gathered with a survey of nurses conducted in conjunction with data collection for the multi-country, cross-sectional Nurse Forecasting: Human Resources Planning in Nursing (RN4CAST) study funded by the 7th Framework Program of the European Commission [23] . The current study partly utilizes the data from the Finnish sample. Registered nurses (RNs) in surgical and medical units at acute care hospitals in Finland were surveyed between October 2009 and February 2010. In total, 32 acute care hospitals with at least 100 beds were selected using purposive stratified sampling based on geographic location. We invited 2463 RNs at 130 units to complete the questionnaire, distributed as an electronic survey template. RNs were defined as those meeting the European Union definition of trained and licensed nurses according to directive 2005/36/EC. The invitation to participate, with a link to the web-based questionnaire, was sent to nurses via e-mail either by the researchers or by the head nurse of the unit. The latter option was used when hospital policy prohibited the distribution of staff e-mail addresses to researchers.
Variables and Measures
We utilized items of Finnish data from the nurse survey questionnaire designed for the RN4CAST study [23] . A section with 34 items related to information management factors that could contribute to adverse events was added to the questionnaire used in Finland. The structure of these questions was based on Reason's (2001) stages of development of organizational accidents, in which organizational and corporate culture -including management decisions, processes, and information systems -can have negative consequences. These concepts were operationalized under three headings: information management practices (9 items), information behaviors (14 items), and information management incidents (11 items). The items were derived from the results of previous research in information management [6, 7] and information culture studies [1, 2] on the causes of and the factors that contribute to information breakdowns. The survey items are presented in ▶ Table 1 along with the means and the Cronbach alphas for the study variables. All constructs had alpha values ranging from 0.773 to 0.912, indicating good construct reliability.
We measured information management practices and information behaviors using three latent constructs in the analysis: information availability, organizational guidance, and utilization of EPRs (▶ Table 1 ). Information availability included five statements concerning the accuracy and availability of electronic patient data, and access to electronic databases when needed. Organization's guidance (three statements) concerned the existence of guidance for the use, transfer, and documentation of electronic patient data and respondents' awareness of guidelines. The seven items representing the utilization of EPRs concerned documentation practices, the use of handwritten patient records alongside EPRs and the utilization of electronic databases. Respondents were invited to reflect on the extent to which the statements aligned with the organization, using a fivepoint scale (strongly agree, agree, neither, disagree, and strongly disagree).
Information management incidents were measured using two latent constructs: documentation errors and information delay (▶ Table 1 ). The documentation errors construct represents the respondent's perception of the occurrence of errors in documenting patient information. The information delay construct is based on two statements concerning delays in the transfer of patient information during care. For these variables, respondents were asked, "How often would you say each of the following incidents occurs involving you or your patients?" Response options ranged from never (0) to daily (6) . In addition, two measurable variables were added to the model: 1) Important patient care information is often lost during shift changes, and 2) things "fall between the cracks" when transferring patients from one unit to another. Respondents were invited to reflect on the extent to which the statements aligned with the organization, using a fivepoint scale (strongly agree, agree, neither, disagree, and strongly disagree). As described in the theoretical model (▶ Figure 1) , the following patient safety outcomes served as outcome variables and were measured with the nurses' reports of frequency of occurrence: complaints from patients or their families, medication administration errors, and adverse events in which a contributing factor included missing or inaccurate data. The first two variables were assessed using single items, whereas the latter variable included two additional items: 1) Missing data caused adverse events or a near-miss situation in patient care, and 2) inaccurate data caused adverse events or a near-miss situation in patient care. Using a seven-point Likert scale, nurses were asked to assess the incidence of patient safety outcomes ranging from never (0) to daily (6).
Ethics
This study was approved by the Central Ethics Committee of the Northern Savo Hospital District. Each participating hospital granted permission to collect the data. All participants were informed that the collected data would be analyzed in an anonymous form and that participation was voluntary. Completing and returning the survey were taken to indicate informed consent.
Statistical Analysis
We used structural equation modeling (SEM) as the primary analytical technique to assess how well the hypothesized model fit the study data [24] . In the first phase of the analysis, the measurement models of information management practices and information behaviors, information management incidents, and patient safety outcomes were created to verify the measures. The hypothesized model was then evaluated using SEM. We used maximum likelihood estimation as the estimation method and listwise deletion as a method for handling missing values. During the analysis, the hypothesized model was modified as follows: First, the path was deleted if the parameter estimates were not statistically significant (p > 0.05). Then, the modification indices were consulted to find statistically and theoretically justified modifications. We used several criteria to evaluate the fit of the final model: χ 2 with degrees of freedom, the comparative fit index (CFI), and the root mean square error of approximation (RMSEA) [24, 25] . Analyses were conducted using IBM SPSS Amos version 21.0.0 (Amos Development Corporation; Meadville, PA, USA).
Results
A total of 909 responses were analyzed, for a response rate of 37 %. ▶ Table 2 presents the demographics of the survey respondents.
▶ Figure 2 presents the final model with the empirical results. The model contained 24 items describing six latent constructs (the ellipsis points): utilization of EPRs, guidance, availability, documentation error, information delay, and informationrelated adverse event. In addition, four measured variables (the rectangle) were included in the model. The results gave a χ 2 value of 813.548, df = 326, with a p < 0.001, which indicates the poor fit of the model. However, the χ 2 test is very sensitive to sample size, meaning that a large sample in the model will result in a statistically significant result even when the fit of the data to the model is good [25] . Nevertheless, the ratio of χ 2 to df was 2.496, which is less than three and thus indicated a good fit. The incremental fit indices and the RMSEA also indicated a good fit of the data to the hypothesized model (CFI = 0.95; RMSEA = 0.04, with a 90 % confidence interval of 0.037-0.044). For categorical data, CFI ≥ 0.95 and RMSEA < 0.06 indicated a good fit [24, 25] . For a model of this complexity and sample size, a CFI value greater than 0.90 indicated a very good fit. Therefore, we conclude that these measures reflect a good model fit.
The model presented in ▶ Figure 2 e35 mation management. In total, 18 of the 32 paths tested were statistically significant and accepted in the final model (▶ Figure  2) . The standardized direct and indirect total effects are presented in ▶ Table 3 .
As a result, hypotheses H1, H2, H6, H9, and H10 are accepted as the coefficients between the variables are statistically significant (▶ Figure 2) , but H3 (information availability, an organization's guidance on information management practices, and how EPRs are utilized to reduce the loss of information in care situations), H4 (information availability, an organization's guidance on information management practices, and how EPRs are utilized to reduce documentation errors and information delays in care), H5 (the loss of important patient care information during shift changes or when the transfer of patients from one unit to another increases information delays in care), H7 (the loss of important patient care information during shift changes or when the transfer of patients from one unit to another increases medication errors, complaints from patients or their families, and information-related adverse events), and H8 (information management incidents increase medication errors, complaints from patients or their families, and information-related adverse events) are only partially accepted.
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Discussion
In this study, we tested a theoretical model of the stages of development of organizational accidents [13] that links information culture to information management incidents and, subsequently, patient safety outcomes. The results of the structural model confirm that patient safety outcomes are associated with the elements of the information culture that create conditions that generate errors in hospitals. However, although these relations are correlations that are consistent with the hypothesized causations, the relations should not be considered actual proof of causation. We found that guidance from organizations, such as written guidelines for the use and documentation of electronic patient data, was associated with the utilization of EPRs and information availability constructs (H1 and H2). Guidance has a direct or indirect effect on all other latent constructs and variables in this study. It seems that better guidance and nurses' awareness of it correlates with fewer information management incidents and a decrease in the number of medication administration errors, complaints from patients or their families, and information-related adverse events. The findings of a systematic review conducted by Lawton et al. (2012) support this result. According to their study, incomplete guidance regarding appropriate performance of work tasks and processes is a latent contributing factor for adverse events [26] . Organizational guidance should be based on national-level regulations, such as laws, regulations, and policies, but organizations' information culture and local conditions also affect information management practices and information behaviors [1] . Together with information technology (e.g., EPRs in hospitals), information management practices and behaviors define an organization's ability to process information safely [3, 27] .
Better organizational guidance regarding information management practices and information availability reduced the loss of information during shift changes or patient transfers, but utilization of EPRs was not connected with either of the information loss variables (H3). In addition, organizational guidance reduced documentation errors, and utilization of EPRs reduced information delays in care, but information availability did not statistically significantly affect these factors (H4). Further, although utilization of EPRs concerned items related to the use of handwritten patient records and the copy-paste method to transfer patient data, which are typical documentation-related causes for adverse events [28, 29, 30, 31] , the utilization of EPRs was not correlated with documentation errors or organizational guidance on information delays in care. Thus, the final model did not support the results of previous studies [28, 29, 30, 31] ; however, the results might have been different if we had analyzed only the direct relation between utilization of EPRs and patient safety outcomes.
The variables and constructs that represent information management incidents in this study partially correlated with each other. The loss of important patient care information during shift changes increased information delays in care, but if information loss occurred when patients were transferred from one unit to another, then the path was not statistically significant (H5). However, the requirements of handovers before intra-hospital transfers differ from those of inter-shift handovers because the specific information needs in different clinical settings are not similar [17] . Documentation errors increased information losses during shift changes and when patients were transferred from one unit to another (H6). According to previous studies, accurate documentation of patient data is a central element of continuity of care [32, 33, 34] , but inaccurate and insufficient content in documentation might lead to incomplete information transfer [32] .
Hypothesis 7 suggested that loss of information has an effect on patient safety outcomes. Only the loss of important patient care information when patients were transferred from one unit to another directly increased information-related adverse events; however, this loss of information was not directly connected to other outcome variables. Previous studies have shown that failures in intra-hospital information transfer [16, 17] and failures in information transfer between organizations [35, 36] are common, and poor handovers are associated with adverse events [17, 37] . In the present study, the loss of important patient care information during shift changes had an indirect effect on medication errors and complaints from patients or their families but was not associated with information-related adverse events. During clinical care, appropriate communication is a vital element of safe patient care, as failures during information management processes are one of the main causes of adverse events [38] .
Documentation errors were associated with medication administration errors, complaints from patients or their families, and information-related adverse events, whereas only information delays were directly associated with medication administration errors and had an indirect effect on complaints (H8). Our findings confirmed a statistically significant relation between documentation errors and medication administration errors suggested by a previous systematic review [11] . This means that not all documentation errors are observed when medications are prepared for patients. In this study, documentation errors had the strongest total effect on all measured patient safety outcomes but were also connected to information loss during shift change or patient transfer, which indicates the important role of written communication when improving patient safety, as suggested by previous studies [16, 32, 35, 39] . Based on the results, documentation errors were affected by organizational guidance. Consequently, as one tactic, hospitals should focus on standardizing documentation practices, for example, using structured documentation, which has been shown to improve continuity of care and patient safety [33] .
The final model of this study was complex, with multiple connections between latent and measured variables, and information management incidents seem to have a mediating effect rather than a direct effect. These factors might explain why all fit indices did not support the model. However, simplifying the model would have left out some items that are important in terms of the development of organizational accidents in the information management context. Our model explained only a minor portion (5-23 %) of the variance, indicating e37 that other factors, such as elements of the work environment [40, 41, 42] , the patient safety culture [43] , and patient safety management [43, 44] , affect patient safety outcomes. In addition, organizational culture has been linked to many aspects of organizational behavior, including health care performance and safety [3, 19, 20] , and an appropriate organizational culture might help to reduce adverse events [21] .
We acknowledge this study has a number of limitations that should be taken into account when the results are interpreted. First, in addition to the variables included in the study, other variables related to the use of EPRs in hospitals might contribute to the development of adverse events. For example, certain documentation tasks might be complex in an electronic environment, and health professionals' competence in using EPRs is not uniform. In this study, these issues are not accounted for the model. However, the effects of these variables in the development of adverse events should be studied in the future. Second, the sample included only medical and surgical units in hospitals that offer acute care. Consequently, other units may have a different culture because of the nature of their work. For that reason, these results are not necessarily generalizable to all health care settings. Third, the data were collected using a self-administered survey, and a listwise method was used to handle missing values; the response rate was 37 %. Every effort was made to increase this rate. Two reminders were sent to respondents, and hospitals with RN response rates of less than 40 % were asked to try and motivate RNs to respond. Nevertheless, the age and gender distribution of the sample correspond to studies of other similar populations in Finland. Fourth, the cross-sectional design of this study precluded strong statements on causality. For that reason, the results are not actual proof of causation between study variables, but the results indicate correlations.
Last, all outcomes were assessed through nurse reports, which are subjective evaluations and may be biased. However, these evaluations indicate nurses' perceptions of the frequency of adverse events in their hospital. As RNs are on the front line in patient care, their evaluations are considered trustworthy and are used when more reliable data are not available [43] . Currently, hospital discharge data sets do not include measured information about adverse events, and other comprehensive adverse event data and statistics do not exist. This study focused on adverse events as patient safety outcomes; thus, we decided to rely on nurses' reflections in this matter. The patient safety outcomes used in this study are nursing sensitive and are used as quality indicators in nursing [45] . However, to validate and strengthen the results, connections should be tested using objective organizational and outcome data when possible.
This study was conducted to test directional relations between three latent constructs (utilization of EPRs, organizational guidance, and information availability), information management incidents, and patient safety outcomes. The final model showed that of the three information management and behavior factors, guidance had the strongest effect on information management incidents, while the utilization of EPRs was associated with fewer information delays in care. Further, stronger guidance was associated with a decreased rate of documentation errors, whereas documentation errors were correlated with increases in medication administration errors, complaints from patients and their families, and information-related adverse events. These results connect organizational guidance regarding information management and patient safety outcomes. Documentation errors seem to have a mediating effect. To prevent adverse events, preventive actions on these latent variables should also be targeted.
Conclusions
The dimensions of the information culture create working conditions that might decrease patient safety in hospitals. The structural factor organizational guidance seemed to have the strongest effect on information management incidents and, further, on patient safety outcomes in terms of information management in acute care hospitals. In addition, uniform organizational guidance improved the utilization of EPRs and the availability of data. Further, better utilization of EPRs indicated reduced information delays in care. The presence of documentation errors was associated with an increase in all patient safety outcomes. The study results emphasize the importance of uniform written guidelines for information management practices and the meaning of the documentation of patient data when improving patient safety.
